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(57) Abstract: SiC is an extremely stable substance, so that it is difficult 
to control the surface condition of SiC for one suitable for crystal growth 
by means of common Group IE nitride crystal growing apparatus. Thus, 
the following treatment is performed. The surface of SiC substrate (1) is 
formed into a step- terrace structure by heat treatment in an atmosphere of 
HC1 gas. The surface of SiC substrate (1) is sequentially subjected to royal 
water, hydrochloric acid and hydrofluoric acid treatments so as to etch a sil- 
icon oxide film slightly formed on the surface of SiC substrate (1), thereby 
producing SiC cleaned surface (3) at the substrate surface. The SiC sub- 
strate (1) is secured in a high vacuum apparatus, and ultrahigh vacuum 
condition (e.g., 10" 6 to 10" 8 Pa) is held inside the apparatus. In ultrahigh 
vacuum condition, for example, a process comprising irradiating Ga atom 
beams (5) at time tl at 800°C or below and conducting heat treatment at 
800°C or above is repeated at least once. The temperature is set for A1N 
film growing temperature, and in ultrahigh vacuum condition the surface 
(3) of SiC substrate is irradiated in advance with Al atom (8a). Thereafter, 
N atom (8b) is fed thereto. 
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substrate by HC1 gas etching", Applied Physics Letters, Vol. 80, No. 1, 
(2002) p. 76-78. #flg) 0 

^5 2o©p B wfc$ 0 m i oPp^m^s s i cmmwt^&j • f^^j^^^Tfo 9 , 
120 o o c&m^zm&mm,tet°&mi<^^^m<o s i c«i^ait5;t 

&^-3^«P^#®-T?&>5;fc#>. r <7)#®^*3v>t, iv-m$H=iv- v$s#£' 
G a SrflMtLiS&i&AnS&Srff 5Xg«r*>&< 1 i^-T ^/^Jbfrofc#{c:in^^ 

a&4>&< i^?/\'U±ff<>itmzmmmktfo&f&&'rzz. t-v. s ic 



2 



WO 2004/084283 



PCT/JP2004/003689 



- £ «t y> > S i CtE^S i £Mfri s ^/£LMS#lJl^ifiS9fcS i- 
>f • W -V— (layer-by-layer) J&S & f^tt & < $£&lTZ> - t 
*^T^S3VN-Cffl^^'fb'KlSrfife*i-*xmt?*>o-r N S i C3l®_h(£3o4t3in$l 

3&£^^£<a^&JllS*fca>a>:bbi\ S i C^ffi^S i (D&fc&mti: Z&M&Z 
H5©^KC- £ ^"C#. ^^#BSr3^^-e#5 £ fete* IE^Tc^^^^i: 

*58K©SiJ<JD«^cte:J;tt»is s i cjf mSiM^Ji £ „ Utiles i cmtffi 



3 



WO 2004/084283 



PCT/JP2004/003689 



(a) ^©iionwiiass i c±^iHik«i© 

jf (MB E ffeiili'i/ 1 y ^ - ©^ ^^"7 ?!f !) 5 ) fcMlrZi'— 

y^Ht-fe^ m 2 (B) ^^©^^^i^^^^A^^^-t-^-^^^El 

HI 3 (A) te. A 1 NJlOJ&fttflBteSJh/te*^ 5 y^^bt^^Oi 
^Ufcm^lEJifr^^?iy^m^fc!9, 03 (B) teA 1 NJi<Dj&*t&^£ 

A^M^S^tfofc^^^it^^M*® (0 1-14) (DX&Sp s^V^*- 
010 (A) (D) £T'te, ^PJ(D^lX«H3(D^^^{J:i^ 

mil (a) s i c t a i n t^mo^i/ v^fMmtm^-^ti^mt 



4 



WO 2004/084283 PCT/JP2004/003689 

m*7Firmx*tbz>„ mn (b) f* % s i c^a i n^cd^^^a-s^ 

7f7^^) ^^fflbfc^J-efe!9. GaN/SiClHBTOfMfflt' 
3§ £ MMi- 5 f' #> (om & <DMM 

S i cSt©*ffit, #]xJ£S i M^t 7 7 ^ 7St±!fe if 

m&fcfcs i cm<o%:mk(D\^-ffo%:^^te-k(DbirZ> 0 S i c £: v ^ #-o- 

AyT^Tt&V^b, f fcG a N^A 1 N^i if ©ft^fe©^tft^< , Al x In 
y G a 1 _ x _ y Nt£t'<Dm^-h^fh^h<Dtir^ 0 

>y7&Wk?£&)fc7F-fJ:nmXtbZ> 0 ®2 (A) &OT2 (B) mMmfcm<D 
}5fc^Lfc4 H— S i C (0 0 0 1) Si lil (i^^^ h^«X{ifiSC0^fB^- 



5 



WO 2004/084283 



PCT/JP2004/003689 



P T fc 5 zk3ff lslm-e&9,HCl tfx&m-MLt* 3 

s c cm-efc3„ ) , 0»J*.fi, 13 0 otT?i o ^W^^MS^tr 5 0 
Tt-^ttS S i COity^-^^3fiflet4*9 0. 3 /zm/h-C&So frti*Z>Jf *=^y 

(t7A) t-ct^o (0 0 0 1) Si ffil:MLTO. 2° 

5/ b^£r*£o4§£\ f7^itt/im^ — s> T^i* & tts SiC 

j«fcV^ S i C<D*^^fc°^>'-V/W&;K£fTo-C 1 b&VN (Ell (A) 

tfcfc:. mi (B) fc^-fj;?^ jzfs.tp\z.-&9 ttiufcs i cmmi (Dmffifctt 
Lt> ^7K, ^m^S^a^Jffi&fTofco 7y»ji[iIIU5, S iC 



6 



WO 2004/084283 PCT/JP2004/003689 

mi (c) s.t^n!2 (a) ^-r«j: 5 ±ias i ca^Ri «rWXS36«, #»J 

iflMB E (Molecular beam epitaxy) 3£ttl*3f£fl5l 9 # 

tt. ag^m^s {Mz.&. 1 o- 6 ~i o- 8 p a ) cftsit m-mM^m 
8 o o°csi±<Dum mxm ooot) — &i^-e> n$not 3^b^iw 

U G a HMtfclSra t 3^bB#Kt 4tf©F B 1Witt^rit 4 ^SSV^TflSltSr 
(f»ftTt> (MM) ft* Atl, At2 

M<DfH#XDl%ffl&WirtXhML\<\ BfcW*. G a £: t 8X«t 8- A t 2tiX% f& 

mvxmi&-rz>^ti>^mxhz> 0 ^-e, mmt 4^^mm t 5-^x<dwz.^s 

V^T 10 0 OXlfrb 6 0 0*0* "CM.*** ftM t 5 {CjoV^-CSt^G a -SrHMtb. 
Wt6^t*fiS?:i»t5o #cv>-e. PfF^ t 6 Kis^XG a ©fl8lt£*»rLii# 
TO t 7&X*(DmiZ. 10 0 O^T-JPMfi-f-So HUH^G a ©HBIt&s R$M t 6 X*P 

mt-rfc, ioo oti^ts^it'fes^ra t 8 t^t^tifr^^ 
^<d&, titfflt 8frt>i%mt 9 $.x\zte\,^xm.m&&\z.tZ9 o o°c£-cp£ffi.u 



7 



WO 2004/084283 PCT/JP2004/003689 

mm * rial femw © w ^ k# etf m ft o fc 0 g a mm t * n mi* < 

A 1 NOrit*xaiciov^"CJ: 5»#BmKW-t-S ^ Ell (D) m^i-«fc 0 m, 
A 1 NJ«©fife*fflA T s =4 0 CC^fe 110 Ot^^lHk 0t?tt 

9oo°o m«jeu m-mn^vtm m^-£, io- 6 ~io- 8 p a ) m&^-r 

B#,&^b, Ell (D) l'^fi:9i-AlNi7^S iCStltffi±{^*t'# 

#«^Ufe«^-j»lEl*f (RHEED) OSB^mSr^i-o E9 3 mW\ HI 1 (C) 
<75G al^lf- A©IMSrfi§LTA 1 N b fciW £ , ^1-, 0 1 

(B) ©:7ylftfeat>^l&b;fcWH^©RHEED§§t£©A 1 NJ=ft*]gy5m«fc 5& 

i3l^tJ;51-> A 1 Njff 7 Wj&S^iffl^tLfc^-f ^ t 3il^(Di 
«*Ufc«f *WlIlJr3a#m*5V>-C, 7 ytfelSt/G a If tf-AiltMlrfT 
fc> ft 2>>o fcf« . G a JflL=f- tf — A |»|* tefc fcW3H-m*5VN X tt , 

RHEED©Sft^Si$il*i6»ofc„ A1N17 0 3]^7C^M 

^mBBUTtt. RHEED©S»IJ&MB«y£*K S i C^B_bm*5V^ A 1 Nm& 

. w-¥— (it© 3 ^TG^T-ftfe < It© 2#C7cj&«) (Dm 
RHE EDS»©«pttttl***#li: i 9 *t < *ft ^ <t 9 



8 



WO 2004/084283 PCT/JP2004/003689 

£ bv^c £-e&3 0 HI 3 (b) «u ffl^te^^ll/**^^ eoo~70 

0 0 Ca^*-CTttYc^ORHEEDSiSb^^^^-r[il-Cfc-5 0 RHEEDi 

13 4 Kl, _h|B3S®Of^3^^M-r?>^^ffi (0 1-14) OX|n y^^tf 
%—7 f M%:(DffiM : £^-fo ft> ^ rT\ - 1 1 cD_h(c^— ofE-§-^#bfct>^ 

TJ^G a jg^tf— AB^It^S^fTt^^^ofc^^l-T^i 1 00 0*^ 3 0 0 0#(7)¥ 
ffifi-CfctK G aJjfH^— ^^lt^a^^-^=fT^>^^o^^(i8 o oa>e>2 0 

^ofciWi-SSV^TteXlfin y =*r — ^©^itijis^ 3 0 0 5 0 0£!>£ 

i/^f-t--^ • w^t^Mo^i-J;^ aino2^tcS^ 
sfc* (Diu^^l^-e^r^ b t Ji ^ Jdj&s b fc^-e 5 t n ^ ^ % o 

A 1 NJlfDj&Siirff 5 - t ic £ 9 S i C^®^-A 1 N£r W-f — • • 



9 



WO 2004/084283 



PCT/JP2004/003689 



^TO^^^T-O^^^r. SiCUl N^^^O^/jN^#[^-r5 0^t, 

fa^i^p^^biCl^^t) ©Sb^:^^#T-#-5r iWoTV^. frL^. 

SI, G aJgC^tf— ^Mi&f • Jfliil^IUI^^ £^>A 1 NC0^?a^A 1 , 

N<Dm&}k%Mm^m.Mirz>^ a i N&gk^-m&nMzmfrxmmxibZo 
ikK, *mw(Dm i (Dmm<D^m<Dmwm^^^w^Bf^^m^o^^xm 2 

(B) LooM-t^o 0 2 (A) kmt£?). El 2 (B) {C^-T^S^fe 

-ef*, £i\ B#Fflt l(n*5V>T, S«^^r 8 0 0 o CtC^bfc^*G a O^tt 
&m%5-$-Z>o 8 0 0XHH$5\,^XG a &mM1rZ> S i CSffi^CG a ©MS 

Z> 0 Z.(D^m\^^X^ G a i5 s i CSlHiotV^ S i it 
H#P*S1 t 2 (C^TXte^cDiiijSclG a <Z?Hf*lt & «t»»r 8#Pfl t 2^fe0#^ t 3 * 

-e©W teaser ioo oT;~£xg-UV, B#Pfl t 4 ioo o'C-etai^^^^i- 

-5 0 BtPfQ t 4^H#P B 1 t 5-£Xfc$>^Xf$-g:UmXfoZ> 9 0 0°Cf;i|M.U fc£> 
$4 * is? t OT'A 1 bN k*m&?KW&1-Z>^ bfc£ V A 1 NlrMtSo Jb 
IB^&MJ: 9 A 1 NOMIutS i CSffiO^y ="^^«§r^*-r^r k& 

ft. IE! 2 (B) fcl:teV>T t 4fl»£ A t 3fc&*^©WW£^G a ^© 
*&<7} A t 3S8M^G a £|&5fe-T£ i 9 (-UttlV^ 



10 



WO 2004/084283 



PCT/JP2004/003689 



®6tt, mm^fc®(DifeM l j$&iftwz&i l irZf&&7um<Dm®;?4 $ is? (mbe 

ttfcKMtS. El 5 (A) fcja*i-«fc5fc, *1\ ^lfc4H-SiC (0 0 0 
Mkmmzffi&Wl 5 %Mt5. #cv>TN EI 5 (B) ID 6 £ ic^i" J: 5 

B#KI til fc*3^-CA'l (DfflM&fcftVXff Oo Al^S i C2£*R1 1 O^ffi^r 
BliftlBLfc^^ t 1 2 (ixitf tl2-tll = 10s) m*51^Ts HI 5 

1 2*>feA 1 NJB2 3©^ftdSRii(6-t*5o t 2 3 JJI&V^TA 1 £ N£> f*lt 
A 1 NI 2 3 ©M^jhtSo ^frUnJ; 9, NI^- (SJ^^X-v 
jSbjBi&tt-SSO 2 l^S i C&ffil 5 kWi&BO&irZssmfe&'>t£< ft 9 . S i 
Ct®15±liWj:S iNl, feb<{4, jflJfUfeS i-Ng«^^tl5© 
&B&Jki-5£ % S i C^ngl 5 t A 1 Nil 2 3 t (DRmWM*: 

or^mS. ft, S i CtSl 5±tft|&$n5AlJi^l 7ii, Lt) 

©AlSf 1 7^Sff*&— l£S i cSe®l 5 Jz^SLfc&fciMft:/^^® 
jfcic, ^K(75^3 0|life^fillJ:«fcS^^^'ife{;:ov>-ciil®^#^Uo 

H8tt, M^^O^^HU^^*3tt5^«5c^O^^-r 5: (MBE 
•Vtbfrltiyjr y9 — (DOr^/Jry t&¥\z. J: 9 fH!l#Pi-5) v'— ^ y^iTfe 

<5 o 

IffllC^PJi-So 111 7 (A) fc^-T£5^ *1\ ^U4H-SiC (0 0 0 



11 



WO 2004/084283 



PCT/JP2004/003689 



9 jf^g 2 5 SrMtSo HI 7 (B) ^08 

ti^TXo^, mfe<&?^ Mt2 0) S^V^T, G a <DMM&$g?T 

VXft? 0 A 1 N©MlfiS#fit^V>t, G a (D^JEEteA 1 O^ffiJ: <0 
g^JE^iiK % Ga«S i C1S2 1 0>*dB 2 5 |H!ft<H-3j5fc#fc*ffia*e> 

¥^fi<75G a ^Pjfc*Ufc#tH2 5 a «$ix§ 0 

A 1 N^j&Ste® 7 (C) i0 8H:*t £ 0 ^ Bff^^-f ^ (Btra t 2 

2) K1A 1 ^NSrl^I^FtJl^jji&i-S^t-CMlte^HSo GaOlMttAlNOM 
R^OA 1 NOMS^S^^^-rSfc^^fTo-CV^/cfe, A 1 N©S£S 
J*£M*&*W\ t 2 4 OR#W^G a <D#y&£r^iti-& 0 

fr*3 % t 2 4 - t 2 2 OiWttA 1 t G a ^^§tl"CV^OT\ i 7 (D) 
5K:A 1 NJS 3 5 £ S i C2£*R2 1 i©^ffitA 1 X G a x _ x NJi 2 5 
b#lMfc£ixS£.fctc:fr5 0 SiCiAl N©^ICA 1 GaNf^tS^i 
j&s&*U< ftv>g#k 09*.tf% ain/s i c mi s#3S©tfMttfci*T?S>;h/ri* 

t 2 4 - t 2 2 SrA 1 G a NjfO 1*7 l^^T ^r— WJ**NPlBK:tt;^T+^«< i" 
5. -WA-ti^ Al ^NO^PflM^I^0#^Gamit^^ih-rtb« (t 
2 2=t24) % #®|CG a j&Stfj^Kl^fr^S^ 5 > AlGaNg©M 

tt»S^/y^«l«T?#So — ^> S i CtA 1 NWffSitJI^^iJtV^, 
0**.tfs G a N V-f iSOt ft©/< y 7 714 A 1 ^ 5 

y^^gSS^^-tirS-^JoS-c^So JMfrttfcttt 2 2©NW«&K:4teWttTt 
2 1-CAlSrMnm t2 20N#»^e>ie>*Tt2 3^Al 

^t5^^t*fe5o t 2 $fe?TJ$&f0#ra t 2 2- 

t 2 l36SSi-^Stifi*J*A 1 365 s i C^ffiJb-e^iftU, *NM4«rigte£-1irS £ 
£ iJ:^S„ — t 2 3 1?Mt5i^tli, t 2 3 - t 2 1 (DM&G a t 
#*&$*VCV^fc«>G a NfWL, S i C/G a N/A 1 N*tttJ&Sfl0ffc£*L 
5rt(^§ 0 IiOAlNlg^^Ut(^ A 1 *N©#*&&#Jh-*-5 
~ £ T? A 1 NJl(D^S^1*iti~ ; 5o 
S3K»U«*«:3Br. £ftV>G a Jl^ 2 7 Sr^teff flStti" 6 - t T% A 1 ®^ 3 1 



12 



WO 2004/084283 



PCT/JP2004/003689 



A 1 N<DfeMf i^^Ilci/^ft- • • Wt^litS^i^t 

-C*>5 0 iflWfcA 1 HMtttA 1 e^«*fc:J:S*NM4JSte«:*B#* — ft. 

A 1 mftt&T8:-tZ> t s i N^#£*<£>^j&£rfB<o A 1 fcJfc^T&SSL^-t^G 

ifii, G a tfD'Rifc 5 a [HIHW^^ b"^"f"V ,> I n ^rffi V"»T & ^.V^ 0 I©i^t, 
^Jl^^yX-vjESi^^tt^^ 3 i C3cffi2 5 £ iH^R^-r 5 RTHitta^fc 

< ft 5 % Si cmm2 5_Li£S i NJi^if^^^ttSO^rBSJh-rsr k&X*£, 

S i CtB2 5 U 1 N13 5 iOf lW^»fto:^ST«l5. N 
<D&1@;temm#)fcft otfc^v\ iSK G a O^t^p i: tT^f^ y — ^ ^rffiv^S^ft 
fc£;t{£, CBE (chemical beam epitaxy) ^MO V P E (Metal organic 
vapor phase epitaxy) h V * fA** V V h V ^^13 V V Aft 

i£(DG a &<$&Gm&m&&1@:irZ> r £ I3i i 9 % ligSCiftfcG a S:Mt5- £ 
|&t5riia^ ^ICi&fciN r£t£&5 0 

©ffitt^^tt^^i i^fift*^JEESr, 0dx.«. 0. lPagg 

fca*-C#5o Id (B) ic^i-J: 5 \z.7 •yWt&'&tt-fcteWLte. J; <9 S i C 
SS4 1 £>^®4 3 »*R:-S»n5r fc&< MB EfW^AglH-AtUli 

jSESfcigMaU HI 9 (C) U:55*-*-J:5te* m<DmM<D1&m\z X Z>m£kJ&&ftfeb 

mm^MBEmmftonnn^T (p = i o- 6 ~i o- 8 p a) jc&^-c, ain 



13 



WO 2004/084283 PCT/JP2004/003689 

^^5i, mi (C) ©s il^XfiGal^rolJWfeS^^otoKSta^St 

in i o *mw<nn i xnm 3 (Dmrn^m^ z^^^m^ x v 
£fttcmikw\%7F-$~^~e&z>° mio (a) ^^i-«at{-*3v>T«. s i cms. 

UA1 NJ1 5 3 t^ra^^JX-ftfp pm^— (DG al^Sf 
T?feSo El 1 0 (B) l£^-r«l3tfc:*3l^-C«:s S i ClS5 ltAlN|53i: 
©ri}ciV>Al x Ga,_ J1 Ni5 5 (x = 0~l) ^ft-O^So 
IH8<£>J;5{-LTGa ^MUtf, A 1 N® Srjfcft £ {cj; 9 

ytJl-^fcSo Ga©-Rt>0H:i nSrfflv^Si:. Ell 0 (C) m*M-.fc 5 Si 
C3£tR5 UA1NI53 ir©Wt I nm^5 8^t5» HI 1 0 

(D) (Cl^-T J; 5 - h^"— CO I n^A5 ^ S i C£*R5 1 t A 

1 N« 5 3 £<£>Mt;:?*^A 1 x I n ^Ng 5 9 ( x = 0 ~ 1 ) ^^*^l5 8 
rtbfefi, aXfi I n£r#y&Ufc^ A 1 NJf £r£fc;ft £i*:fc 

£ 3 «r ffl V n ft -h <D t mfe £ n 6 o 

A 1 N Jl<DJ&:ft (CO V^5£ G a Njf-^A 1 „ G a j^Nfft if <£>j&:S:K: 
5Al©ft^, GaNM©i^i-li> GaOMC, A 1 x G a x _ x NJ&:R 

(Dm-Brfcfe, AliGa £ ©l^tlM&telK^tfefcfrLWr&VN,, 

^feSrfflV>fe^^r^*5t0!IS:^-r o Hill (A) tt % S i CtAlNt©HljO 
F ET<Dlirffi1fi£^J£^mT*fc5 0 Hill (B) »4 % S iCtAlNtOi^ 



14 



WO 2004/084283 PCT/JP2004/003689 
IU11 (A) fc7jk-f£ o Kls ^fni^iOM ISFET60I1 Si O^M 

tfc|„ B „fA 1 N® 6 6 A 1 Njf 6 6 ©JiUl^JsS £ tilt?— h«@6 8 £ % 

hmme 8<DmM<Ds i crtt^^$tb**^{-^*fi^*- K-tv^ifcy 

— 6 3&TJ* ^JI 6 5 V — ^M 6 3 iZtt Lt^ $ ttfc V — 

67 at, KW^l6 5l^bt^^^KKylS6 7bi, ^ttt 

El 11 (B) WJ:?C A1NI66 K^* y^3ftS|&6 . 2 e V) 

iSiC (^^ K*¥^ y^sj^j 3 . 4 e v) tiicril-lt fc^^ K;*-:7 
tyh«LT^5, A 1 Ni 6 6 H^Lt^- HttSr^t5 t , h 

2|c^Jfe©^l!8^a:53S$*^fit^if«:fflv^TV^5fe^C>, _L1BA 1 N/S i C^M 
iSFETm A 1 N^>^ H B 0 i4o|P]_biz:#o-r, &0&<7*— M6*«H4*5.J:tf 

5 0 IH 1 2 fcL^-f- «fc 5 *^Jfe0^tl8^«tS^^^SE^f!PS:fflV>/t:i|£-*#:^— 
ifte. S iCtffi^ft5St7 U, ^©±(«^^cAlN^j/77l7 
3£ s AlGaN (nl) ^7yKl7 5h G a N/ I n G a N©#li^ 
(MQW) 77h AlGaN (p) FI7 8iS:tW5. A 

1 G a N (p) ^7yKl7 8±»CllISEl^ AlGaN (nS) 77J/ 
Kf7 5±fcl2tSE2^W$tl5„ rOW— t^«5t{-*5V^T^, S i CS 

H 1 2<D*5t-e N S i C 7 1 ?rnSlCL s A 1 Nil 7 3$: Y^^JV%M1^ 



15 



WO 2004/084283 



PCT/JP2004/003689 



ffi&ffi&Zffi&k-tZZ t&X% 0 *<Dm&. !2t@§rS i C 7 1 ©IIE 

2' K&m-rz^kh-esmx'itbZo :©i^> iii^o^ttw©ii 

Irfl&t5r^^#5„ mi2^1#atT:\ S i C 7 1 £ n U A 

1N|7 SiDftfc^tnlA k G a N|^y77li ttffll^C t cfc <9 > 

^h^^v?^^ (HBT) <D#3tM^r^i-o H 3 M^i~<fc 5 fc* rcDHBTfi, 
n - S i C11S8 1 ^<D±icm^^tlfcp- SiCl83^ *:<D±KJ&J& 
$Jxfcn + -GaNl8 5 t 0,««S*5t ^^"T 6 e n + -G a N/B 8 5 
ttx^ y*«ffi9 l^fifc^tK p-S i CJ18 3 ^MVX^<—^mm9 3& 
i&l&Ztl.. n-S i Clf 8 l©Iffit3V^^li9 5«^fcHBTlr 

Mf5 0 *HJfc©^tRl!iJ:S3fcSfftfifc«^«feH:J;tL«^ n + -GaN (m»sSMb 
ip-SiC^OWOWMTOfcft, #®lf^^^:*fi]$iJ HBT 

5„ *£oT N S i C<DJ£v^^ K=¥-r y^SrfiJffl Lfc^rf^M mmMfc®) 



16 



WO 2004/084283 PCT/JP2004/003689 



17 



WO 2004/084283 



PCT/JP2004/003689 



1. S i C^S(c^T7^-T7^«MML, *©*ffioK<k«tS:l»*rS 

lit, 

3. 5pffi^oft#^S i C*SISr^t5lSi:» 
m\,tz.'4k \z. Srffr jfe-f 

^*^T(-*5VN-cin^^b#i^^-rsxm-efeoT, tuiss i c^ffiJbtcss 

6. S i C^SSr, ^f^7°-T7^t3lt|iJiIt5lSi, 

7. MISS i C^cffite, (0 0 0 1) Si X« (0 0 0- 1) cffiiHf LTO^b 
1 5° 3; -?£>;*- 7 -try h^^rtt^Si £ ^St^^H^ 1 ^tf^ 
I6^t T?© V^tb^ 1 «K:fB«J©3te*^**ife. 



18 



WO 2004/084283 



PCT/JP2004/003689 



8 . Si Cmt, 



19 



WO 2004/084283 



PCT/JP2004/003689 



m m » 

hc i ^^#i^tt«i^tTots i cmw.i o&m&xTyy-T^xm 
utsssffittis i c^*B3Sr^u % s i cmm i ^MM^mm^^ 

jSlKX^Ift io- 6 ~io- 8 Pa) K&W\^fco mmMQ 

L8 0 0°C^±-e^S&fT5 7 B n-fe^Sr> l|IJE*_hlft0:£U Al 



20 



WO 2004/084283 



PCT/JP2004/003689 



(A) 




(B) 




3 SiC>t;#a® 
1 



(C) 



(Si)X.lt@ 




P=10" 6 ~10- 8 Pa 
1 T 5 =600°C-+1000°C 
(n^l) 



(D) 8a 




3 T 5 =400~1100°C 



1/12 



WO 2004/084283 



PCT/JP2004/003689 



1000°C 
900°C 




600 C - 



(B) 
Tsu 
1000°C 
900°C 
800°C 



A i\ - 


i ! ! fits' ! 








N 3 








^ 



tl t2 t3 U t5 tO 

2/12 



WO 2004/084283 



PCT/JP2004/003689 



(A) 



ain Mmm (s) 

100 200 



300 




Faint 



SiC XHJ— 



hfThcIMsBWJE 

Faint AIN XHJ— 




Ga/HF/HCl*ligSI£-h 
SiC XHJ— AIN XHJ— » 




2 4 6 8 
AIN ®<Z)J¥£ (nm) 



(B) 
100 



80 



5 60 



Q 40 - 




20 - 



0 I — I — i — i — i — « — I — i — i i i I i — 1_ 

0 50 100 

ain m-mmm (s) 



150 



3/12 



WO 2004/084283 



PCT/JP2004/003689 



HI 4 



s 

in 

I 



m 



3000 



2000 



1000 



1 


1 1 

0 






\ 
\ 

\ 
\ 






\ 
\ 

\ 

\ 




HF/HC1^S 


\ 

\ \ 




. £«±. 












- Ga/HF/HCl4M 












1 


1 1 





10° 



10 1 10 2 
AJN Jf (DJ5£ (ran) 



10 3 



4/12 



WO 2004/084283 



PCT/JP2004/003689 



m 5 



(A) 




15 : M 



(B) 




-A1N23 
-11 



5/12 



WO 2004/084283 



PCT/JP2004/003689 



m 6 




6/12 



WO 2004/084283 



PCT/JP2004/003689 



(A) 




25 >f &m 



4t It _„/25a 




(C) 



27 31 33 27 




(G^ (AJ) (N) (Ga^ 

It I I It 




-25a 



(D) 3i^^(Aj) (n)^-33 

I I 




35 

— - 25bAlxGal-xN 



7/12 



WO 2004/084283 



PCT/JP2004/003689 



m 8 



Ga 



f-f 



Al 
N 



.20 



t^^ t22 tat 2* 



25 



8/12 



WO 2004/084283 



PCT/JP2004/003689 



HI 9 



(A) 




(B) 



Po 2 =0.1Pa 




(C) 



45^MaT) (n)-^-47 




51 AINfl 



Ts=800~1000°C 



9/12 



WO 2004/084283 



PCT/JP2004/003689 



10 



(A) 



A1N 



SiC 



-53 

-57 (Ga) 
-51 



(B) 



A1N 



SiC 



55 AlxGa^N 
-51 



(C) 



A1N 



SiC 




(D) 



A1N 




SiC 





.53 

59 Al x In Nx N 
51 



10/12 



WO 2004/084283 



PCT/JP2004/003689 



IH 11 





11/12 



WO 2004/084283 



PCT/JP2004/003689 



12 







X 


AlGaN(P) 






AlGaN(n) 






A1N 




SiC 


/ / / / / / "V - F ' 



78 

77 GaN/InGaN MQW 

•75 *^vK 

73 /\*^77l 
(AlGaN) 

•71 



13 



93/<— X 



n + -GaN 



P-SiC 



n-SiC 



7 



^1 



91x$»/£ 

85 
97 

-83 
81 

95=1 U<7^ 



12/12 



•A 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP2004/003689 


A CLASSIFICATION OF SUBJECT MATTER 




Int. CI 7 H01L21/203 





According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01L21/203, 21/205 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho ' 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2004 

Kokai Jitsuyo Shinan Kbho 1971-2004 Jitsuyo Shinan Toroku Koho 1996-2004 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT . 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 
A 



JP 9-181355 A (Matsushita Electric Industrial 
Co. , Ltd- ) , 

11 July, 1997 (11.07.97), 

Par. Nos. [0004] to [0020], [0046] to [0051] 
(Family: none) 

ONOJIMA et al., 'Molecular-beam epitaxial growth 
of insulating A1N on surface-controlled 6H-SiC 
substrate by HC1 gas etching', Applied Physics 
Letters, 07 January, 2002 (07.01.02), Vol.80, 
No.l, pages 76 to 78, particularly, page 76 

JP 11-145514 A (Toshiba Corp.), 
28 May, 1999 (28.05.99), 
Par. Nos. [0028] to [0033]; Fig. 1 
(Family: none) 



3-5 
6,7 
1,2 



6,7 



| I Further documents are listed in the continuation of Box C. 



I I See patent family annex. 



"O" 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier application or patent but published on or after the international 
filing date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other means 
document published prior to the international filing date but later than 
the priority date claimed 



T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

T document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
18 June, 2004 (18.06.04). 


Date of mailing of the international search report 
06 July, 2004 (06.07.04) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

facsimile No_ 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (January 2004) 



ll 



m^tHmm^r PCT/JP2004/00 36 8 9 



?m<Q®rrzftw<D5m <mmm#m (ipo ) 

Int. C 1 7 H01L 21/203 



m&*ftotz.m.>wmPt (srmmhhb (ipc) > 

Int. Cl 7 H01L 21/203, 2 1/2 0 5 



n*m&B%rM£:m 1922-1996^ 

B^m^mmmmm^m. 1971-2004 ^ 

B*SaE«3)l^jRj^«l 19 9 4-200 4¥ 

0 *9&/19r£M&tt 1996-2004^ 







mm-rz 








X 


JP 9-181355 A(feT«SI3l«^tt), 1997.07.11, 


3-5 


Y 


KI4-20, 46-51^g:(7 7^-* U 


6,7 


A 




1,2 


Y 


ONOJIMA et al. , ' Molecular-beam epitaxial growth of 


6,7 




insulating A1N on surface-controlled 6H~SiC substrate by 






HC1 gas etching' , Applied Physics Letters, 2002. 01. 07, 






Vol.80, No. 1, p. 76-78, #fclp. 76 





cm©*!* »n t> xmmm a nx v ^ 5 . 



rpj mmmmBWx\ fr-o&%.m<7>±m<7>mmt tectum 



£ixmmmtte^b*fz.b}n>b<D 



18. 06. 2004 


iii^M^^ismB 06. 7. 2004 


mmm'&mm<D%w&tfhxft 

B^H^IW (I SA/J P) 
§MS#» 100-8915 
m&tWSfflEHtfSiljHTI 4#3-5§- 


♦MWrMff (ftRa&SJRJI)' 
fliS## 03-3581-1101 F 1 


4R 


3 0 3 1 


^ 3 4 6 9 



|S;P.CT/ISA/2 10 (12^-i?) (2 0 0 4^1 ft) 



4 



BBKtiMR#-9- PCT/JP2004/003 68 9 



C (jfeg) 



JP 11-145514 A(«c^tt*^), 1999.05.28, 

^28-33^m, sum r 5 y -ft U 



8 



«PCT/ISA/2 10 (^2--i— ^(73^#) (2004f lfl) 



